Background: The incidence of melanoma and nonmelanoma skin cancer continues to increase. To detect lesions at an earlier phase in their progression
Introduction
In the United States, the overall incidence and mortality rate of melanoma has increased in recent decades. Cutaneous melanoma currently ranks fifth for men and seventh for women in incidence of all new cancers diagnosed, and an estimated 76,690 new cases will be diagnosed in the United States in 2013. 1 Nonmelanoma skin cancers, basal cell carcinoma (BCC), and squamous cell carcinoma (SCC) continue to be the most commonly diagnosed cancers in the United States, and more than 3.5 million cases were diag-nosed in 2006. 2 These neoplasms significantly impact the public health burden by contributing to medical cost, morbidity, and mortality.
Prevention
Prevention and early detection of skin cancer have been emphasized. Free skin cancer screenings consisting of whole-body visual skin examinations performed by cutaneous oncology specialists are advocated by both the American Academy of Dermatology (AAD) and the American Cancer Society. However, the US Preventive Services Task Force concluded that sufficient evidence does not exist to recommend for or against routine screening for skin cancer using totalbody skin examination. 3, 4 Concerns cited by critics of routine screening include low cost effectiveness and lack of conclusive evidence demonstrating that routine screening improves clinical outcomes by reducing morbidity and mortality. 4, 5 Advocates of screening have noted reductions in the frequency of thick melanomas in association with skin cancer screening programs, and results from a large-scale, systematic, skin cancer screening program in Germany reported a reduction in mortality associated with melanoma. 6 Utilizing AAD screening data, Geller et al 7 reported a lower frequency of melanomas thicker than 1.50 mm (2%) compared with the National Cancer Institute's Surveillance, Epidemiology, and End Results registry (10%). Aitken et al 8 reported results from a population-based, case-control study that examined whether a whole-body clinical skin examination within the preceding 3 years was associated with a change in the thickness of subsequently diagnosed melanomas. Their results showed that a recent whole-body clinical skin examination was associated with a 14% reduction in the risk of thick melanomas (> 0.75 mm). Because of the strong relationship between melanoma thickness and mortality, they postulated that screening may decrease mortality rates from melanoma.
Targeted Screening Programs
Identifying and subsequently targeting high-risk populations with screening programs may improve the yield and cost effectiveness of screening.
9,10 Several phenotypical and environmental risk factors may be associated with an increased risk of nonmelanoma skin cancer 11, 12 and melanoma. The risk conferred by each of these factors and the benefit of efforts, such as applying sunscreen, to prevent the development of nonmelanoma skin cancer and melanoma remain areas of inquiry.
Methods

Study Design
A descriptive, cross-sectional study was conducted from unidentified data obtained from participants screened by the Mole Patrol™ (Moffitt Cancer Center, Tampa, FL) from 2007 to 2010. Institutional review board approval was granted for this study. The Mole Patrol is a free skin cancer screening program initially developed in 1994. Screeners at these events primarily consisted of volunteer physicians (dermatologists, surgical oncologists, and dermatopathologists) but also included nurse practitioners and physician assistants who worked in dermatology or cutaneous oncology practices.
Venues
Screening was provided to participants at numerous public events across Florida and Puerto Rico, including sporting events (Steinbrenner Field), popular beaches (Clearwater and St. Petersburg), skin cancer screening training events (Skin Screening Training), military-associated events (MacDill AirFest), and community fairs and outdoor festivals in Florida (AAA Tampa, Conga Caliente, Ft. Myers, Gulf Harbour Marina, Largo, Leesburg, Kennedy Space Center, Men's Health Forum USF, Miles for Moffitt, Ocala, and Titusville) and Puerto Rico.
Baseline Characteristics
Prior to being screened, participants provided a focused medical history by completing a standardized form, which was a modified version of the standardized AAD screening form used in previous studies from the AAD National Melanoma/Skin Cancer Screening Program. 13 Participants self-reported the frequency of their sunscreen use (always, sometimes, rarely, never). Skin phototype was self-reported by participants as follows: I (always burn, never tan), II (usually burn, rarely tan), III (sometimes burn, sometimes/always tan), IV (rarely burn, usually tan), or V (never burn, always tan). The participants' race and ethnicity were not recorded. In addition to the information requested on the standardized AAD screening form, screeners recorded their assessment of each participant's degree of chronic sun exposure (minimal, moderate, or severe).
Findings on Skin Examination
Participants underwent visual skin examinations, which ranged from examination of limited areas, such as sun-exposed skin, to whole-body examinations, based on the privacy level of the venue and patient preference. Presumptive diagnoses, both benign (solar lentigo, seborrheic keratosis, hemangioma) and potentially malignant or malignant (actinic keratosis [AK], BCC, SCC, atypical mole, melanoma, other), were recorded by using a checklist and free-text entry. Subsets of the presumptive diagnoses recorded at the time of screening were further assigned to one of two categories: the nonmelanoma cancer (NMC) group and the suspicious pigmented lesion group. Lesions with a presumptive diagnosis of AK, BCC, or SCC were included in the NMC group, and lesions with a presumptive diagnosis of atypical mole or melanoma were included in the suspicious pigmented lesion group.
All patients with a finding in either of these suspicious categories were urged to receive prompt evaluation by a dermatologist or other qualified provider, and lists of local providers were made available at each screening venue. However, biopsies were not performed as part of the Mole Patrol, and no postscreening follow-up was conducted to determine whether suspicious findings were further evaluated or histologically confirmed.
Statistical Analyses
Descriptive statistics are presented using frequencies and percentages. The Mantel-Haenszel Chi-square test and Cochran-Mantel-Haenszel statistics together were used to assess trends of association and an overall significance among various categorical disease characteristics (sex, age ≥ 50 years, skin phototype, history of skin cancer, sunscreen use, history of a "changing mole," and degree of chronic sun exposure) by different disease groups (NMC and suspicious pigmented lesion groups) and for assessing the association between sunscreen use and the NMC group while separately controlling for other risk factors. For 2 × 2 tables, Barnard's unconditional test was used to assess potential associations. A two-sided P value of ≤ .05 was considered statistically significant. All statistical analyses were performed using SAS (version 9.2, SAS Institute Inc, Cary, NC) and StatXact (version 8, Cytel Inc, Cambridge, MA).
Results
Between 2007 and 2010, the Mole Patrol screened 5,169 people. The demographics of the screening population are presented in Table 1 . The largest age group of people screened were between 51 to 60 years (23.2%), followed by 61 to 70 years (22.4%).
Nonmelanoma Skin Cancer Group
The percentages of participants with presumptive diagnoses of AK, SCC, and BCC were 16%, 3%, and 6%, respectively. When the frequencies were all grouped together as the NMC group, the overall frequency of these diagnoses was 21%. Table 2 documents the frequencies and percentages of the presumptive diagnoses in the NMC group when participants were stratified by age. Table 3 outlines the relationship between variables obtained from the screening questionnaires and from the examiners' assessments as well as presumptive diagnoses of findings in the NMC group. Statisti- cally significant positive associations were noted for male sex, age 50 years or older, lower skin phototype, a personal history of skin cancer, increased sunscreen use, and increased chronic sun exposure. As noted in Table 3 , increased sunscreen use was associated with NMC (P < .0001) on univariate analysis. However, increased sunscreen use was also associated with a personal history of skin cancer (P < .0001) as well as lower skin phototype (P < .0001). Table 4 shows the association between increased sunscreen use and NMC after separately controlling for age 50 years or older, personal history of skin cancer, lower skin phototype, and increased chronic sun exposure. When controlling for lower skin phototype, the association between increased sunscreen use and NMC findings was not statistically significant (P = .96).
Suspicious Pigmented Lesion Group
The frequencies of a presumptive diagnosis of atypical mole and melanoma were 11% and 0.7%, respectively. When grouped into the suspicious pigmented lesion group, the frequency of findings was 11.6%. Table 5 outlines the relationship between variables obtained from the screening questionnaires and from examiners' assessment as well as presumptive diagnoses of findings in the suspicious pigmented lesion group. Statistically significant associations with the presence of a suspicious pigmented lesion finding included a positive association with a history of a "changing mole" and a negative association with age 50 years or older and a personal history of skin cancer. Table 6 presents the frequencies and percentages of the suspicious pigmented lesion group findings stratified by age. For participants screened who had a presumptive diagnosis of a suspicious pigmented lesion group finding, 38% were older than 50 years of age.
Discussion
Recommendations for or against routine screening for skin cancer have several limitations, chief among them being the paucity of evidence regarding the positive effect of screening on morbidity or mortality. 4 It may be more feasible to demonstrate an effect on health outcome end points from skin cancer screening if it is targeted to high-risk populations. 9 Identifying factors that define high-risk populations is an important step in improving and rationalizing targeted screenings for nonmelanoma skin cancer and melanoma. 13 Common suggested risk factors for the development of nonmelanoma skin cancer include ultraviolet light exposure, pigmentary traits (eg, hair and eye color), skin phototype, prior history of nonmelanoma skin cancer, and increasing age. 11, 12 This study found similar risk factors for the presence of NMC group findings on screening clinical skin examination; male sex, age 50 years or older, a personal history of skin cancer, lower skin phototype, and more chronic sun exposure were all associated with an increased frequency of NMC findings (all P values < .0001).
We initially noted an association between the NMC group findings and the use of sunscreen (P = .0001). However, in this study, persons with lower skin phototype reported more frequent applications of sunscreen than those with higher (ie, more pigmented) skin phototype, and persons with lower skin phototype were also more likely to have NMC group findings than those with a higher skin phototype. When controlling for skin phototype, the association between sunscreen use and frequency of NMC findings failed to maintain statistical significance (P = .96). Other variables, including personal history of skin cancer, age, and degree of chronic sun exposure, were also examined but did not alter the statistically significant relationship between increased sunscreen use and frequency of NMC.
The use of sunscreen to prevent skin cancer is a common recommendation in the practice of dermatology. However, few clinical trials have been conducted to assess the efficacy of sunscreen use, either in highrisk populations or the general populace. In patients who underwent organ transplant, one case-control study demonstrated that sunscreen use resulted in a significantly decreased incidence of SCC and AK but not BCC. 41 In randomly assigned patients, results from a study conducted in Nambour, Australia, suggest that regularly applying sunscreen may prevent melanoma 42 and SCC 43, 44 in the general population. The same trial failed to show a protective effect for BCC. From this trial it is reasonable to conclude that light-skinned, middle-aged and older people living in sunny areas may benefit from generously applying sunscreen, and the regular use of sunscreen may be cost effective in the setting studied by the Nambour trial. 45 However, generalizing the results of the Nambour trial to other patient populations and locations may not be reasonable. 46 In addition, recommending sunscreen application may have unintended consequences, including allowing users to prolong their sun exposure times. [47] [48] [49] Some researchers have suggested that sunscreen use in intentional sun exposure situations may increase the risk of skin cancer, particularly melanoma. [50] [51] [52] [53] When making recommendations regarding sunscreen use, it may be prudent to emphasize that the potential benefits of sunscreen use may be negated if that use leads to increased exposure to the sun. 13 analyzed data from 362,804 patients screened via the AAD National Melanoma/Skin Cancer Screening Program and identified five risk factors for a presumptive diagnoses of melanoma in skin cancer screening: history of previous melanoma, age above 50 years, lack of a regular dermatologist, mole changes, and male sex.
Of the risk factors examined in this study, a history of a "changing mole" was significantly associated with the presence of a suspicious pigmented lesion group finding on the clinical skin examination, a result that must be viewed in the context of a screener providing a clinical diagnosis after being informed that a lesion has changed. Age of 50 years or older (P < .0001) and a history of skin cancer (P = .0119) were negatively associated with a suspicious pigmented lesion group finding on screening examination. The finding that an age of 50 years or older was negatively associated with the presence of a suspicious pigmented lesion group finding on screening examination contrasts with results obtained from the analysis conducted by Goldberg et al 13 on the AAD National Melanoma/Skin Cancer Screening Program data. However, it is important to note the differences between this study and the Goldberg analysis. We grouped the presumptive diagnoses of atypical mole and melanoma, whereas the Goldberg study did not. Also, our study was confined to a limited geographical region characterized by high levels of chronic sun exposure, thereby making this study population likely to be significantly different from the population analyzed in the Goldberg study in terms of the characteristics of sun exposure experienced by screening participants. Our study does not align with other published data that demonstrate a positive association between melanoma and a personal history of melanoma 13, 30 or a personal history of nonmelanoma skin cancer. 22, 28, [31] [32] [33] [34] [35] However, our study did not distinguish between a personal history of melanoma or other types of skin cancer.
Studies of the relationship between various measures of sun exposure and melanoma development have had conflicting results. Some have failed to identify such as association, 18, 54 while others have noted varied associations between sun exposure and melanoma development: increased risk when spending less than 10 hours each week outdoors in the summer between the ages of 10 and 24 years, 28 increased risk with childhood residence in a high ambient ultraviolet light exposure environment, 55 increased risk with history of severe sunburns, 22, 23, 40 increased risk with history of childhood sunburn, 19, 20, 25, 40 and decreased risk with more occupational sun exposure. 19 The present study did not identify an association between chronic sun exposure level, as assessed by the screeners, and suspicious pigmented lesion group findings. The study questionnaire also did not specifically ask about sunburn history, recreational vs occupational sun exposure, or sun exposure characteristics at different age intervals.
Demonstrating a benefit from population-based screening is difficult secondary to the large number of participants who would be required to achieve sufficient power in such a study. 5 Aitken et al 56 attempted to implement a population-based screening program in Australia to address this question, but the authors could not accrue a sufficient number of patients for data analysis, partially secondary to funding considerations. However, even if population-based screening initiatives lack benefit, screening populations with identifiable risk factors may still prove fruitful.
Limitations
This study had several limitations. Cross-sectional studies may delineate associations, but we were unable to ascertain causation between the variables examined. Screening occurred over a limited geographical area (ie, Florida, Puerto Rico). Volunteers at various community events participated in the screening program, so the results obtained in this study may not be applicable to other screening populations. Histopathological verifications of the presumptive clinical diagnoses initially made at the time of screening were not performed. Prior studies with dermatologists and primary care physicians demonstrated adequate rates of sensitivity and specificity when comparing presumptive diagnoses from visual skin screening examinations to follow-up histopathological diagnoses, particularly for diagnoses of SCC and BCC. [57] [58] [59] However, the participants in this study were usually screened by nurse practitioners and physician assistants whose diagnostic accuracies of skin cancer are unknown.
The questionnaire used in the present study did not specifically query history of sunburn, recreational vs occupational sun exposure, sun exposure characteristics at different age intervals, or recreational exposure to tanning beds, nor did the questionnaire delineate between personal history of melanoma or other skin cancer types. This may have affected the ability to detect an association between a personal history of skin cancer (specifically a personal history of melanoma) and the frequency of a suspicious pigmented lesion group finding on examination. Not all screening questionnaires were completed in their entirety; however, given the size of the study population, this was an expected limitation and was consistent with other large population screening studies.
Conclusions
Analysis of the Mole Patrol data identified several risk factors for a presumptive clinical diagnosis of nonmelanoma cancer and suspicious pigmented lesion group findings. For nonmelanoma cancer findings, male sex, age of 50 years or older, personal history of skin cancer, lower skin phototype, and a higher degree of chronic sun exposure helped to identify participants at increased risk, while a history of a "changing mole" significantly correlated with the presence of a suspicious pigmented lesion group finding.
